Introduction
1xPBS. Liposome injections were performed either on naïve mosquitoes one day prior to 108 blood feeding or P. berghei challenge (pre-treatment), or on mosquitoes 24 h after P. 109 berghei infection (post-treatment).
110
Hemolymph perfusion and hemocyte counting 111 Hemolymph perfusion and hemocyte counting were performed as previously described cytometry experiments were performed three or more times from independent biological 155 experiments for naïve, blood-fed, and P. berghei-infected conditions.
156

RNA isolation and gene expression analyses
157
Total RNA was isolated from dissected mosquito tissues or from whole mosquito samples 158 to examine gene expression using TRIzol (Thermo Fisher Scientific). 
Bacterial challenge experiments
185
Bacteria were grown in LB media overnight at 37°C with 210 rpm. Bacterial cultures were 186 centrifuged at 8000 rpm for 5 min, washed twice with 1x PBS, and resuspended in 1xPBS. control liposomes were also injected with 69 nl of 1x PBS to serve as an additional control.
191
Following challenge, mosquitoes were maintained at 27°C and 80% relative humidity with 192 mosquito survival monitored every 24 h for 10 days. 
245
Raw sequencing data was analyzed by the Iowa State genome Informatics Facility.
246
Sequence quality was assessed using FastQC (v 0.11.5) (34), then paired end reads 247 were mapped to the Anopheles gambiae PEST reference genome (AgamP4.9) 248 downloaded from VectorBase (35) using STAR aligner (v 2.5.2b) (36). Genome indexing 249 was performed using the genomeGenerate option and corresponding GTF file 250 downloaded from VectorBase (version 4.7) followed by mapping using the alignReads 251 option. Output SAM files were sorted and converted to BAM format using SAMTools (v 252 1.3.1) (37), and counts for each gene feature were determined from these alignment files 253 using featureCounts (v 1.5.1) (38). Reads that were multi-mapped, chimeric, or fragments 254 with missing ends were excluded. Counts for each sample were merged using AWK script 255 and differential gene expression analyses was performed using edgeR (39) . Differentially 256 expressed genes with a q-score ≤ 0.1 were considered significant and were used for Table S1 .
273
Gene silencing by dsRNA 274 RNAi experiments were performed with selected genes:
PPO9 (AGAP004978), CLIPD1 (AGAP002422) and a putative leucine-rich 277 immunomodulatory (LRIM) protein (AGAP001470). T7 primers were designed using the 278 E-RNAi web application (http://www.dkfz.de/signaling/e-rnai3/idseq.php) and listed in 279   Table S2 . T7 templates for dsRNA synthesis were amplified from cDNA prepared from 280 whole mosquitoes ~24 h post-P. berghei infection. PCR amplicons were purified using 
Hemocyte immunofluorescence assays
303
Hemocyte immunofluorescence assays were performed using a PPO6 antibody as 
Results
322
Phagocyte depletion using clodronate liposomes 323 In an effort to understand the principal roles of phagocytic immune cells in mosquito 324 immunity, clodronate liposomes were employed to chemically deplete phagocytes in An. (Fig. S2 ), yet higher 334 levels of depletion (~90%) were observed in blood-fed or P. berghei-infected samples 335 (Fig. S2 ). This increase in phagocyte depletion may be attributed to the enhanced 336 phagocytic ability and capacity following the physiological changes that accompany 337 blood-feeding (Fig. S3 ), presumably enabling a higher dosage of clodronate to the cell. to distinguish phagocytic cells from other hemocyte subtypes ( Fig. S3; (44) ), phagocytic 348 cell populations could effectively be measured and compared between treatments using 349 strict size cutoffs and signal thresholds (Fig. S4) . Flow cytometry analyses revealed that
350
CLD treatment significantly depleted mosquito phagocyte populations under naïve, blood-351 fed, and P. berghei-infected conditions ( Fig. 1B; Fig. S5 ). Similar to our results with light 352 microscopy ( Fig. S2) , the efficacy of phagocyte depletion is increased following a blood 353 meal, independent of infection status (Fig. 1B) . Additional validation of phagocyte (Fig. 1B) . Together, these data provide strong support for the chemical Fig.1B; Fig. S6A ). Across physiological conditions, the upper population was more bacteria had notable impacts on survivorship (Fig. 2) . However, the impact of phagocyte 379 depletion significantly decreased mosquito survival to S. marcescens ( Fig. 2A) and S.
380
aureus challenge (Fig. 2B ). Mosquitoes were highly susceptible to S. marcescens, killing 381 all CLD treated mosquitoes within 2 days post-challenge ( Fig. 2A) . Given the importance (Fig. 3) . Phagocyte depletion significantly increased 391 mature oocyst numbers at day 10 (Fig. 3A) , indicating that phagocytes serve as critical 392 determinants of parasite survival. When further examined temporally, early oocyst 393 numbers were significantly increased 2 days post-infection (Fig. 3B) . With integral roles 394 in ookinete lysis (33, 50, 51), we examined TEP1 expression in mosquito hemolymph in 395 control and clodronate-treated mosquitoes (Fig. 3C) . TEP1 protein levels in naïve or P. berghei-infected mosquito hemolymph were not influenced by phagocyte depletion (Fig.   397 3C), however in CLD-treated mosquitoes, TEP1 binding to invading ookinetes was 398 significantly impaired (Fig. 3D) (Table S3) , of which the majority had annotated 426 immune function (Fig. 4A) . This included the known phagocyte proteins LRIM 16A, LRIM (Fig. S8) .
433
PPO expression and phenoloxidase activity are significantly reduced following 434 phagocyte depletion 435 With the identification of multiple PPO genes influenced by phagocyte depletion (Fig. 4B) , 436 we further explored this conspicuous result by examining the expression of all 9 annotated 437 PPO genes. When PPO expression was examined in the carcass, all 9 PPO genes 438 displayed a significant reduction in their expression (Fig.4C) , similar to our RNA-seq 439 analysis. In contrast, when perfused hemocytes were examined (Fig. 4D) , only PPO-2, - (Fig. 4E ). The influence of blood feeding amplified these responses, reducing PO 446 activity across all sample time points (Fig. 4E) . Similarly, PO activity was reduced 447 following P. berghei infection, although the kinetics of the reaction were slower and 448 produced lower levels of activity by comparison to the non-infected blood feeding (Fig.   449   4E ). Together, these data imply that PPO expression and subsequent PO activity are 450 impaired following phagocyte depletion.
451
Multiple PPOs influence Plasmodium oocyst survival
452
Based on the RNA-seq results and reduced PO activity in CLD-treated mosquitoes ( Fig.   453 4), we examined several candidate immune genes that featured prominently in our candidate genes were significantly silenced following the injection of dsRNA (Fig. S9) . As 458 members of a multi-gene family, the specificity of PPO silencing was further verified using 459 specific primers for each of the nine PPO genes in An. gambiae (Fig. S10) . Gene-specific 460 dsRNA constructs specifically targeted PPO2, PPO4, PPO5, and PPO6, while PPO3 and 461 PPO9 had unintended off-target effects on one or more PPO genes (Fig. S10) . The loss 462 of CLIPD1, AGAP001470, PPO4, PPO5, and PPO6 had no effect on parasite numbers 463 (Fig. S11) , while silencing PPO2, PPO3, or PPO9 increased the intensity of malaria 464 parasite infection at day 8 (Fig. 5A) . However, when early oocyst numbers were examined 
Analyses of PPO6 protein expression in phagocytes
473
While PPO6-silencing does not produce a discernable oocyst phenotype, several reports (Fig. S13) .
484
Based on these high or low PPO6 expression phenotypes, additional 485 18 spreading/elongated or rounded morphological features were used to further define these 486 cell populations following phagocyte depletion (Fig. 6C) . CLD-treatment was most 487 effective in reducing populations of PPO6 low cells with elongated or spread morphologies 488 most commonly associated with mosquito granulocytes (Fig. 6C) . Phagocytic PPO6 high 489 cell populations also displayed significantly reduced cell proportions following CLD-490 treatment, although these cell types comprise a much smaller proportion of phagocytic 491 cells (Fig. 6C) . Interestingly, a small, rounded PPO6 low phagocytic cell similar to those 492 described by King and Hillyer (6) , comprised the majority of phagocytic cells following 493 CLD-treatment and significantly differed from control mosquitoes (Fig. 6C) . Based on 494 these results, this small PPO6 low phagocytic cell population may be less susceptible to 495 CLD-treatment and likely comprise the "lower" cell population described in Fig. S6 .
496
Together, these data provide further support that clodronate liposomes can specifically However, the functional classifications of these mosquito immune cell populations has 508 been severely limited by the lack of genetic tools and molecular markers. From these experiments, we identify 3 PPO genes, PPO2, PPO3, and PPO9 that limit the and oocysts (Fig. 7) , that when ablated significantly increase parasite survival. However, 
